As supply chains become more complex and globalized, the individual participants of the supply chains should invest in systems based on information communication technologies (ICT) such as the remote frequency identification device (RFID) with tags that secure the visibility of the entire supply chain. In addition, the level of visibility, such as the container, pallet, carton, and box, should be determined for each participant to optimize its own profit function. By using a collaborative game scheme, the present study illustrates the relationships among participants who invest to a certain level of visibility, and then how much value each participant gets. To find feasible solutions, a genetic algorithm-based mechanism is devised for modeling various fitness functions considering the total profit and benefit to cost (B/C) ratio. The proposed framework considers the relationship among participants, as well as the impact from the enhanced visibility, and it may be possible to make fair and rational decisions for all participants based on the quantitative metrics such as the B/C ratio. In this paper, we propose a novel method based on the game-theoretic approach where the enhanced visibility prevents a certain participant from taking most of the benefit. It seems possible to establish a long-term sustainable supply chain visibility by distributing profit fairly to all participants in the supply chain.
Introduction
With the growth of the complexity and globalization of the supply chain, all participants should develop more elaborate plans and execute these plans in a more agile and flexible way. Many supply chain participants hope to maintain a sustainable and resilient structure. If companies are putting more effort into effectively implementing information sharing practices, especially small companies, they can gain a competitive advantage [1] . From an innovation culture and sustainability perspective, strategically leveraging assets to share information for supply chain integration can lead to more innovative results [2] . Therefore, in order to meet the challenges of the current global supply chain environment and the requirements of the participants, it is necessary to accurately secure the information about the entire supply chain and make timely and appropriate decisions. Every step in the layers of the supply chain requires more accurate data collection functions to build a sustainable and a durable supply chain, and therefore automated techniques such as Internet of Thing (IoT) are widely adopted. This automated technology helps ensure accurate and rapid collection and processing of information in the supply chain while minimizing intervention of operation. Among these automation technologies, the remote frequency identification device (RFID) is a universal technology which enables real-time processing and rapid supply chain information collection. Therefore, RFID is adopted by many companies. The level of supply chain visibility depends on the unit of recognized cargo or stock keeping unit (SKU). Since the RFID tag has the characteristic of being recognized as the unique identification of the attached object, the level of visibility of the supply network is determined according to the attachment such as item, box, pallet, and container. However, it requires a great deal of investment to install the RFID systems. Therefore, companies must approach this accepting the long-term mindset that there are short-term costs which have the potential to deliver significant long-term benefits. When decision makers begin to focus on the long term, their operations will show early improvements. Companies with long-term, centralized, and sustainable minds will benefit most from the improved operational performance [3] .
In this context, the decision makers should determine if the initial investment can be recovered by the use of the RFID tags, sensors, and operating systems. In addition, it is necessary to determine what participants (manufacturer, carrier, wholesaler or retailer) will attach the RFID tags, because each participant wants to maximize their own profit and enjoy the profit from the enhanced visibility without the cost from attaching the tags. Previous researchers have proposed estimating the improvement in profit from the visualization of the entire supply chain, the profit from the attachment of the RFID tags, and investment cost sharing among participants. However, none of previous studies have proposed a way to simultaneously develop the investment plan in order to enhance the visibility and to evaluate the profit from the enhanced visibility. The present study suggests a novel approach to make a reasonable investment decision for establishing optimum visibility at the supply chain level and to build a sustainable supply chain through cooperation among participants.
The remainder of this paper is organized as follows. Section 2 reviews relevant literature on the integrated RFID investment plans and the cost and benefit sharing rule. In Section 3, we explain the background and basic concepts of the proposed method based on the cooperative game scheme. In Section 4, the basic assumptions and game theoretic model for supply chain visibility are introduced. In Section 5, the effectiveness of the proposed framework is compared using a simple numerical example and sensitivity analysis. Finally, conclusions are drawn, and limitations of the present study are discussed in Section 6.
Literature Review
As outsourcing and globalization strategies are widely adopted, it makes the current supply chains more complicated and the visibility for the internal and external operations reduced [4] . In order to cope with these changes, most companies are continuously trying to enhance the supply chain visibility using bar codes, RFID, and IoT. If a participant or whole supply chain secure a certain level of visibility, it is possible to improve their performance through accurate understanding of the current situation and to minimize the negative impacts caused by the risk factors that may arise in the future. Eventually, the strategy of enhanced visibility is regarded as the opportunity to identify and secure the critical success factors that guarantee more sustainable competitive advantages [4, 5] .
Generally, RFID systems are known to help in terms of reducing costs and securing competitiveness by enhancing visibility, traceability, and reliability of a supply chain, and therefore reduce the gap between the flow of physical items and information [6, 7] . Gaining information visibility using RFID systems solves chronic problems caused by supply chain uncertainties and help achieve environmental sustainability and economic benefits [8] . Many industries have waste costs due to the inaccuracy of inventory, and therefore they apply RFID technology, one of the IoT technologies, to make supply chain decisions. In addition, when the costs for applying RFID technology are shared among supply chain manufacturers, retailers respond more sensitively to the costs than manufacturers [9] . By sharing process quality data based on the RFID sensors within the supply chain of the automotive industry, monitoring supply chain quality helps improve supply chain performance by reducing production losses and emergency transit [10] . In particular, it is possible to create additional value by simplifying tasks, reducing labor cost, improving service level, preventing loss and damage, and increasing sales. However, some issues remain, such as the relationship among the companies which have a stake in the viewpoint of the execution of investment plan [11] . On the basis of an RFID system, local residents of an apartment complex have a positive view of the local policy to pay a fair waste disposal cost in order that sustainable innovation is adopted [12] . Previous studies proposed a quantitative model for evaluating the effectiveness of RFID systems, such as the return on investment (ROI) model of a RFID system [13] . Furthermore, another study demonstrated that it may be possible to expect 160 percent of ROI by using an automating process [14] . The collaborative game theoretic model is a quantitative model for evaluating the value of the 4PL(Fourth Party Logistics) collaboration [15] , pricing the port service based on the cost-sharing rule [16] , allocating cost of container quay service [17] , and sharing inventory cost savings through cooperative games [18] . However, although it is possible to reduce costs and create more value using a visibility-based tracing system, a very critical issue still remains among various stakeholders who participate in the supply chain related to the investment plan with respect to the equipment, the facility, the ICT system and the infrastructure for implementing supply chain visibility [11] . Most previous studies have focused on evaluating the additional benefit from the enhanced supply chain visibility by attaching RFID tags and developing a sharing rule for the cost. Nevertheless, it is not easy to develop a clear rule for sharing cost and benefit when various corporates take part in the supply chain. A sophisticated framework needs to be developed for making the decision with regard to which participants should invest in which level of visibility. Table 1 summarizes the difference that this study has comparing with the existing literatures. In the present study, we propose a novel approach to develop a more rational investment plan for enhancing supply chain visibility. In addition, we use the collaborative game theoretic model and propose a method for evaluating the benefit participants receive by installing RFID tags and sharing information among participants. The proposed approach promotes fair sharing of the additional benefit from enhancing supply chain visibility and building long-term sustainable strategies for supply chain visibility.
Background of the Proposed Method
Many previous studies have focused on supply chain visibility and information collection through RFID. Most of these studies, however, have focused on measuring and improving performance by assuming a single enterprise or entire supply chain as a single node. The present study seeks to improve the performance of a company by recognizing the RFID tags used by other collaborators when a company attaches tags in the supply chain. However, in this case, since the tags are attached and owned by the company that purchased the tags, disputes may arise due to the distribution of the tags and the costs incurred, and the profit of the entire supply chain may change depending on where and at which level the tags are attached. Therefore, it is not easy for the supply chain participants to cooperate with each other, because the game situation occurs among the supply chain participants. In this incomplete competitive environment, there is a need for a method that helps maintain a stable cooperative relationship while optimizing the profit of the supply chain when distributing the profits generated by the performance improvement of each company according to the tag attachment.
The game theoretic approach suggests an optimal decision-making procedure based on a mathematical model that considers the competitive relationships among participants. Cooperative games reflect the positive impact of cooperation by analyzing the structure and using complementarity of competition. In order to measure the profit from collaboration, the Shapley value has been devised. This value distributes surplus profits from one participant to others according to the marginal contributions. Cooperative games assume that a coalition is created among all participants, and that synergies of coalition are amplified from the complementarity.
In this study, we propose a new approach to improve the cost efficiency of visibility among participations using a cooperative game scheme to find the optimal solution. To this end, we devise a method to quantify the profit generated from attaching tags and distributing the profits from shared information using the attached RFID tags according to the cooperative game scheme. In general, genetic algorithms (GA) are utilized to obtain a near optimal solution for a very complicated mathematical problem where finding a global optimal solution is not guaranteed in practical time. In addition, GA are well-known as very fast and relatively more accurate for searching the near-optimal solution as compared with various other heuristics.
Research problems for optimizing operations in supply chains such as process designing, task scheduling, resource allocation, and job assignment are well-known as the NP-Complete. Therefore, the development and application of meta-heuristic algorithms are needed to find near-optimal solutions such as tabu search, simulated annealing, and ant colony. Particularly, the GA are widely adopted in process management and scheduling [19] , production and distribution planning [20] , supplier selection [21] , and optimal sales planning for multiple buyers under vendor managed inventory (VMI) [22] . The GA are known to be useful for finding near-optimal solutions for nonlinear integer programming problems similar to the proposed problem [23] . Therefore, in this study, we adopt GA, which have been used in previous studies, for optimal decision making among various members whose benefits vary according to different visibility levels.
The optimal solution is obtained by the GA, which find the optimal solution to maximize the fitness function by mutating and crossing over the possible solutions. The fitness function is devised based on the B/C ratios, whereby benefit represents profit from information sharing and cost represents the investment for attaching the RFID tags. The solution should explain at which level of visibility the tags should be attached, and who, among the participants, should assume the role. Figure 1 shows the start point and status of tagging in the supply chain, where, X ij represents the start point of attaching the tag, and K ij represents the tag attached state and a detailed description is presented in Table 2 . Furthermore, the solution should be sustainable and fair to all participants in the supply chain. In order to meet these requirements, the Shapley value is used to quantify the profit by sharing information through the enhanced visibility using the RFID tags. In addition, by using the cooperative game scheme, we propose a new approach which enhances the profit of the entire supply chain as well as that of each participant. In this section, the basic assumptions, variables, and parameters for designing the game 5 theoretical model are explained. Table 2 shows the notations and short descriptions.
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Model for Supply Chain Visibility Using the Collaborative Game Theoretical Model

Notations and Assumptions
In this section, the basic assumptions, variables, and parameters for designing the game theoretical model are explained. Table 2 shows the notations and short descriptions.
In the present study, we assume that all participants share the information from RFID tags, collaborate to avoid the overlapped investment by installing RFID tags on each visibility level such as a container, pallet, box, and item at a single stage in the supply chain.
Definition of Cost and Benefit and Allocation Rule
Benefit and cost functions: The total cost is computed using the cost for attaching and scanning RFID tags, as well as the cost for operating and maintaining the systems (see Equation (1)).
The additional benefit from attaching RFID tags relates to two different concepts: (1) the direct benefit from installed RFID tags and (2) the indirect benefit from shared information by other participants (see Equation (2)). We assume that the participant located in the stage prior to where the RFID tags are attached does not have a direct benefit. However, the participant receives an indirect benefit from information sharing, both a backward and a forward flow.
Defining benefit sharing rule: The additional benefit from enhanced visibility is categorized into available shared benefit and not available shared benefit. In Equation (2), the benefit from information sharing is the first one, and the direct benefit that is not shareable is the second one. Figure 2 shows the benefit when manufacturer attaches the RFID tags. In order to rationally share the benefit, we use the Shapley value where the sharing rule of the benefit is derived by collaboration. The Shapley Value is defined as shown in Equation (3), where, n is the number of participants, |S| refers to a set of certain participants, and S -i means the subset of participants excluding participant i.
RFID tags, as well as the cost for operating and maintaining the systems (see Equation 1 ).
3 Cij = CFij + CTij * Xij ,
The additional benefit from attaching RFID tags relates to two different concepts: (1) the direct 4 benefit from installed RFID tags and (2) the indirect benefit from shared information by other 5 participants (see Equation 2 ). We assume that the participant located in the stage prior to where the 6 RFID tags are attached does not have a direct benefit. However, the participant receives an indirect 7 benefit from information sharing, both a backward and a forward flow.
Defining benefit sharing rule: The additional benefit from enhanced visibility is categorized into 9 available shared benefit and not available shared benefit. In Equation 2, the benefit from information 10 sharing is the first one, and the direct benefit that is not shareable is the second one. Figure 2 shows 11 the benefit when manufacturer attaches the RFID tags. In order to rationally share the benefit, we use 16
With these notations, the characteristic function of each participant is defined by considering the 17 level of visibility (see Equation 4 ).
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fcij(k) = ( n -k ) ∑i=k, n VFij + ( i -1 ) ∑i=k, n VBij ,
The allocated cost of each participant is defined based on the allocated benefit as shown in
19
Equation 5.
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CSij = ( Bij * CTij ) / ∑j=0, m Bij ,
Finally, the net profit of each participant is defined as shown in Equation 6.
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BAij = BSij + BTij * Kij -CSij * ( Kij -Xij ) + CTij * Xij , With these notations, the characteristic function of each participant is defined by considering the level of visibility (see Equation (4)).
The allocated cost of each participant is defined based on the allocated benefit as shown in Equation (5) .
Finally, the net profit of each participant is defined as shown in Equation (6).
Illustrative Numerical Experiments
Design for the Experiment
To simplify the experiment without loss of generality, we assume that the supply chain consists of a manufacturer, carrier, and buyer. Along the supply chain, 100,000 items are supplied to the buyer and the items are packed and unpacked as 10,000 boxes, 500 pallets, and 50 containers. The value of the shared information is defined as VF 1 = 1, VF 2 = 1.5, VB 2 = 1.5, VB 3 = 2, and the fixed cost of all participants is equal to 100. Overall, 20% of the total additional benefit is shared. Table 3 shows the cost and direct benefit of each participant. In the first experiment, in order to find the optimal investment plan, a mechanism based on a genetic algorithm was applied using the product of the B/C ratio of all participants (Π i Π j BA ij /C ij ) as the fitness function. Table 4 shows the parameter values for the genetic algorithms. To verify the effectiveness of the proposed approach, we compared the different fitness functions, such as the net profit of the entire supply chain (Σ i Σ j (B ij − C ij )), and the B/C ratio of the entire supply chain (Σ i Σ j B ij /Σ i Σ j C ij ). In addition, the results of two different fitness functions are compared with the B/C ratio by considering sharing costs incurred among participants as a result of installing the RFID systems and attaching tags to the B/C ratio, and considering distributing profit measured by the Shapley value. The genetic algorithm does not always find the same level of optimal solution, as it randomly performed mutation and crossover between genes showing a high fitness-function value. In our experiment, the same gene combination was selected as the optimal solution even if the experiment was repeated several times under the same conditions. The results are shown in Figure 3 . Considering the net profit of the entire supply chain, it seems more beneficial when the manufacturer 5 attaches tags on all levels of visibility, however, in order to increase the profit of all participants, the 6 manufacture and carrier should attach tags on different levels. On the basis of the results of the 7 proposed approach, the profit of all participants is enhanced by sharing the benefit concentrated on 8 the buyer. 9 Table 6 . Optimal solutions for each fitness function. 
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By applying the method proposed in this study, it is possible to measure the profit from 13 enhanced visibility from the point of view of every participant. In addition, to accomplish the long- In the second experiment, the results of repeated experiments under the same conditions of the first experiment are compared in order to check the stability of optimal solutions. Because the optimal solution is obtained using a genetic algorithm that belong to a heuristic approach, the experiments should be repeated to check the consistency and stability of the procedure to find an optimal solution. Table 5 shows the pseudo-codes of the genetic algorithms proposed in this study. Table 5 . Pseudo-code of proposed optimization using a genetic algorithm.
Algorithm: Optimization supply chain visibility using a cooperative game
Input: Set-up cost, surplus benefit, Shapley values, evolution limit, parameters of GA create randomized initial chromosomes in the population pool Table 6 and Figure 3 show the results of the comparative analysis of the first experiment. The Y-axis represents the value obtained by leveling the B/C ratio value of each participant observed when the fitness function proposed in the present study and the control group have the highest value. Considering the net profit of the entire supply chain, it seems more beneficial when the manufacturer attaches tags on all levels of visibility, however, in order to increase the profit of all participants, the manufacture and carrier should attach tags on different levels. On the basis of the results of the proposed approach, the profit of all participants is enhanced by sharing the benefit concentrated on the buyer. By applying the method proposed in this study, it is possible to measure the profit from enhanced visibility from the point of view of every participant. In addition, to accomplish the long-term sustainable supply chain, it is possible to motivate collaboration among participants for the installment of the IoT system which requires a great deal of initial investment. The measured profit and results of the various criteria are regarded as the criteria for making decisions regarding who should invest on each level.
Results and Discussion
Sensitivity Analysis
In this section, the experimental design and result of sensitivity analysis are described. For repeated experiments under the different sets of parameters, sensitivity analysis is used to apply the Shapley value and visibility level in order to verify the change in the optimal solution. On the basis of the results of the sensitivity analysis, a better approach is suggested which has stable results and is more sustainable. Figures 4-11 show the results of the repeated experiments under the same conditions. The experiment was repeated 100 times under a set of parameters that were identical to those in the first experiment to analyze sensitivity and to find the optimal solutions using a genetic algorithm. For the profit sharing case, we conducted ten sets of tests ten times, with different contributions of manufacturer, distributor, and retailer among the total profit distribution, according to the Shapley value. A grey box in Figures 4-11 represents which level the tags should be attached on for visibility, and by whom among the participants.
The results of the experiment using the Shapley value (see Figure 4) show a consistent solution with the patterns. We concluded that more consistent and predictable plans to invest in the visibility of the supply chain are secured when profit sharing is considered. Therefore, the sustainability of the supply chain is secured by the enhanced transparency and the collaboration among participants such as profit sharing. 6 Figures 4-11 show the results of the repeated experiments under the same conditions. The 7 experiment was repeated 100 times under a set of parameters that were identical to those in the first 8 experiment to analyze sensitivity and to find the optimal solutions using a genetic algorithm. For the 9 profit sharing case, we conducted ten sets of tests ten times, with different contributions of 10 manufacturer, distributor, and retailer among the total profit distribution, according to the Shapley 11 value. A grey box in Figures 4-11 represents which level the tags should be attached on for visibility,
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The results of the comparative experiment group show that the stability and consistency are 28 much lower than in the case of using profit sharing. Therefore, a greater number of various 
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As shown in Figure 4 , using the proposed profit sharing method, several genes are repeatedly 33 selected, and the difference between the lowest and highest values of the fitness-function value is a 6 Figures 4-11 show the results of the repeated experiments under the same conditions. The 7 experiment was repeated 100 times under a set of parameters that were identical to those in the first 8 experiment to analyze sensitivity and to find the optimal solutions using a genetic algorithm. For the 9 profit sharing case, we conducted ten sets of tests ten times, with different contributions of 10 manufacturer, distributor, and retailer among the total profit distribution, according to the Shapley 11 value. A grey box in Figures 4-11 represents which level the tags should be attached on for visibility,
12
13
15
27
The results of the comparative experiment group show that the stability and consistency are 28 much lower than in the case of using profit sharing. Therefore, a greater number of various 29 combinations show similar values of the fitness functions. This means that there are several The results of the comparative experiment group show that the stability and consistency are much lower than in the case of using profit sharing. Therefore, a greater number of various combinations show similar values of the fitness functions. This means that there are several alternatives for achieving a similar level of enhanced visibility, which makes the collaboration among participants unstable.
As shown in Figure 4 , using the proposed profit sharing method, several genes are repeatedly selected, and the difference between the lowest and highest values of the fitness-function value is a maximum of 20%. In the comparative experiments used, more genes are selected than those proposed in this study, but all genes have the same level of fitness function, which leads to conflicts in solution selection among the supply chain members. Therefore, in terms of solution consistency, the proposed method is the most feasible. Figure 12 shows the consistency of the solution proposed in the present study with regard to sharing benefit using the Shapley value. The X-axis represents the comparative solutions, while the Y-axis is the cumulative percentage of the decision arrays. The cumulative percentage graph shows how many decision arrays appeared in an experiment repeatedly simulated 100 times with sets of parameters. Table 7 shows the set of parameters for repeated simulated experiments. Generally, the retailer has sales-related information from the attached RFID tags, and therefore if this information is shared in real time, there will be no wasteful game situations such as bullwhip effects. It is common to have a higher Shapley value than a manufacturer or a distributor because higher profits are likely to occur through the sales information. Therefore, the Shapley value for the retailers is set as the largest one, and then, the Shapley value of the distributor is set to be smaller or equal to that of the manufacturer's Shapley value. With this combination of parameters, it is possible to identify the highest case, lowest case, and equal case of the Shapley values assigned to all supply chain members. In the present study, we devised a new approach to quantify the value of shared information 4 using the RFID system in order to fairly distribute the profit and promote collaboration among 5 participants for a sustainable supply chain. The proposed approach was developed based on the 6 collaborative game theoretic approach and suggests a way to find the optimal solution based ona 7 genetic algorithm to determine the plan for attaching RFID tags using the fitness function and 8 considering the B/C ratios.
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Using the proposed approach, it may be possible to maximize the benefit of all participants from 10 the enhanced visibility of the supply chain and reduce the costs due to the lack of information sharing.
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By redistributing the additional benefits through collaboration, our results confirmed that we can 12 develop a sustainable and reasonable investment plan that guarantees more benefits for all 13 participants. In addition, based on the results of repeated experiments, we verified the possibility that 
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However, the present study has several limitations in terms of applying the proposed approach 17 to the practical supply chain. First of all, we considered a limited number of participants, although 2  2  5  10  2  2  4  10  2  2  3  10  2  2  2  10  2  2  1  10  2  1  5  10  2  1  4  10  2  1  3  10  2  1  2  10  2  1  1  10 The result of sensitivity analysis resulted in 81 decision genetic arrays, however the maximum was 77 in the experiments of net profit for the entire supply chain and the B/C ratio of the entire supply chain. The highest percentage was 43%, followed by 40% at the B/C ratio that considered benefit sharing. The first decision array values with a noticeably large cumulative percentage were "100100100100" for the first, and "001001001001" for the second, in the B/C ratio that considered benefit sharing. The first decision array result was also the optimal value in all other experiments. Except for the experiments described above, the highest percentage was 12%, while most other experiments were less than 5%. This means that all other decisions of the participants are more predictable solutions, and therefore the Shapley value solution has more consistency.
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Number of Repetitions
Conclusions
In the present study, we devised a new approach to quantify the value of shared information using the RFID system in order to fairly distribute the profit and promote collaboration among participants for a sustainable supply chain. The proposed approach was developed based on the collaborative game theoretic approach and suggests a way to find the optimal solution based ona genetic algorithm to determine the plan for attaching RFID tags using the fitness function and considering the B/C ratios.
Using the proposed approach, it may be possible to maximize the benefit of all participants from the enhanced visibility of the supply chain and reduce the costs due to the lack of information sharing. By redistributing the additional benefits through collaboration, our results confirmed that we can develop a sustainable and reasonable investment plan that guarantees more benefits for all participants. In addition, based on the results of repeated experiments, we verified the possibility that the proposed solution provides consistency in the construction of predictable and sustainable supply chain visibility.
However, the present study has several limitations in terms of applying the proposed approach to the practical supply chain. First of all, we considered a limited number of participants, although the current global supply chain has a great number of participants. In addition, the proposed approach required capturing the consistency of optimal solutions by the extension of experiments with sensitivity analysis in terms of rules for sharing profit. We did not assume the minimum required level of visibility at each stage of supply chain. The proposed game theoretic model was revised and compared with the proposed one in terms of cost and benefits. Although we presented and proved how to measure profit from the visibility and the way to share it among participants, we need more systematic analysis to apply the proposed approach to practical supply chains. For example, how to interpret the Shapley value in terms of monetary value needs to be considered. In addition, in order to motivate or persuade the leaders among participants or others, the design of supporting public policy including incentives and penalties are required at the same time. Finally, future studies may improve the performance of the proposed approach based on GA by customizing the properties of GA or comparing them with other meta-heuristics algorithms. 
